Abstract. Previous studies have demonstrated that human signal transducer and activator of transcription 3 (Stat3) and disintegrin and metalloproteinase 9 (ADAM9) are promising targets for RNA interference (RNAi)-based gene therapy for human non-small cell lung cancer (NSCLC). Thus, in the present study, the recombinant lentiviral (Lv) small hairpin (sh)RNA expression plasmids Lv/sh-Stat3 and Lv/sh-ADAM9, which targeted Stat3 and ADAM9, respectively, were constructed and subsequently infected into the A549 human NSCLC cell line. Cell proliferation, migration, invasion and apoptosis were determined in vitro in A549 cells following treatment with Lv/sh-Stat3 or Lv/sh-ADAM9 alone or in combination. In addition, the combined effect of Lv/sh-Stat3 and Lv/sh-ADAM9 gene therapy was evaluated in vivo using A549 xenograft models in nude mice. The in vitro experiments demonstrated that A549 cells treated with a combination of Lv/sh-Stat3 and Lv/sh-ADAM9 exhibited a significant additive effect in their cell proliferation, migration, invasion and apoptosis abilities, compared with A549 cells treated with Lv/sh-Stat3 or Lv/sh-ADAM9 alone. The in vivo experiments conducted in A549 xenograft tumor mouse models revealed that the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 exerted an additive effect on tumor growth inhibition, compared with the treatment with Lv/sh-Stat3 or Lv/sh-ADAM9 alone. These results suggested that combined RNAi gene therapy targeting human Stat3 and ADAM9 may be a novel and promising strategy for the treatment of NSCLC.
Introduction
Lung cancer is the most common cause of cancer-associated mortality globally, and non-small cell lung cancer (NSCLC) is responsible for ~85% of cases of lung cancer (1, 2) . Despite the wide utilization of chemotherapy and radiotherapy for the treatment of advanced NSCLC, patient outcomes remain poor, with only <15% of patients surviving >5 years following diagnosis (3). Metastasis is a major cause of morbidity and mortality in patients with NSCLC (4) . Chemotherapy is the primary treatment for metastatic NSCLC (5) . However, commonly used cytotoxic chemotherapeutic agents frequently display narrow therapeutic indices due to nonspecific cytotoxicity, undesirable side effects and intrinsic or acquired chemoresistance, which results in numerous cases of NSCLC being regarded as incurable (2) . Therefore, the development of novel and effective therapeutic strategies for the treatment of NSCLC is required.
Signal transducer and activator of transcription 3 (Stat3), a member of the STAT family, is capable of regulating the expression of target genes implicated in cell cycle progression, apoptosis, promotion of cellular transformation and aberrant cell proliferation (6) . Therefore, Stat3 represents an attractive target for therapeutic intervention. Previous studies using RNA interference (RNAi), dominant negative Stat3 and small molecule inhibitors have demonstrated that the inhibition of Stat3 signaling suppresses tumor cell proliferation and invasion, induces apoptosis in vitro and delays tumor growth in animal models of breast, myeloma, prostate, head and neck, liver, pancreatic and lung cancer (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . A recent study demonstrated that small interfering (si)RNA-mediated downregulation of Stat3 markedly inhibited NSCLC tumor growth and increased the sensitivity of tumor cells to certain drugs (16) , which suggests that Stat3 may be a potential target for the treatment of NSCLC.
A number of studies have identified disintegrin and metalloproteinase 9 (ADAM9) as a potential target for anticancer therapy (17, 18) . A previous study on lung cancer demonstrated that the overexpression of ADAM9 was able to enhance the adhesion and invasion abilities of NSCLC cells by modulating certain adhesion molecules and altering the sensitivity of NSCLC cells to growth factors, thereby promoting their metastatic capacity to the brain (19) . It has been previously demonstrated that ADAM9 RNAi-based gene therapy is capable of inhibiting adenoid cystic carcinoma cell growth and metastasis in vitro and in vivo (20) . In addition, a previous study by Chang et al (21) revealed that downregulating the expression of ADAM9 in A549 tumor cells via an RNA silencing approach significantly inhibited cell proliferation, migration and invasion, and induced cell apoptosis in vitro, in addition to suppressing tumor growth in vivo in an experimental mouse model.
The onset and progression of tumors is a complex multistep process (22) . Therefore, it is difficult to treat a tumor using a single therapeutic gene (21, 23) . Stat3 and ADAM9 are promising targets for cancer gene therapy. However, to the best of our knowledge, the simultaneous targeting of these two genes as a therapeutic strategy for the treatment of lung cancer has not been reported thus far. Therefore, the aim of the present study was to evaluate the therapeutic potential of combined RNAi gene therapy targeting Stat3 and ADAM9 for the treatment of NSCLC in vitro and in vivo.
Materials and methods
Cell culture. The human NSCLC A549 and human embryonic kidney (HEK) 293T cell lines were obtained from the Cell Bank of Type Culture Collection of the Chinese Academy of Sciences of the Shanghai Institute of Cell Biology (Shanghai, China), and were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific Inc., Waltham, MA, USA) supplemented with heat-inactivated 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific Inc.) at 37˚C in a humidified atmosphere containing 5% CO 2 .
Construction of Stat3 and ADAM9 small hairpin (sh)RNA lentiviral (Lv) vectors and cell infection. siRNA target design tools from Ambion ® (Thermo Fisher Scientific, Inc.) were utilized to design Stat3-, ADAM9-and negative control Scramble-shRNA sequences. The synthesized oligonucleotides (Takara Bio, Dalian, China), which contained a specific target sequence, a loop, the reverse complementary sequence of the target sequence, a stop codon for the U6 promoter and two sticky ends, were annealed and ligated into the NheI/PacI-linearized pFH-L vector (Shanghai Hollybio, Shanghai, China). The target sequences in the oligonucleotides for suppressing the expression of Stat3 and ADAM9 were 5'-TTC AGA CCC GTC AAC AAA-3' and 5'-GGC GGG ATT AAT GTG TTT-3', respectively, while the sequence of the scramble shRNA was 5'-AAT TCT CCG AAC GTG TCA CGT-3'. The sequences of the recombinant lentivirus-based shRNA-expressing vectors were confirmed by DNA sequencing (Takara Bio). These vectors were subsequently transfected alongside packaging vectors into HEK293T cells, using Lipofectamine TM 2000 (Invitrogen, Thermo Fisher Scientific, Inc.), in order to generate lentiviruses. At 72 h post-transfection, the lentiviruses were collected and purified using ultracentrifugation (Sigma 3-18K centrifuge; Sigma-Aldrich, St. Louis, MO, USA) at 17,000 x g for 30 min, and their titer was determined using a GenesysTM15 ultraviolet spectrophotometer (Thermo Fisher Scientific, Inc.).
For lentivirus infection, 3x10 5 A549 cells were cultured in 6-well plates and incubated for 24 h prior to be infected. Next, Stat3 shRNA lentivirus (Lv/sh-Stat3), ADAM9 shRNA lentivirus (Lv/sh-ADAM9) or scramble shRNA lentivirus (Lv/sh-Scramble) at a multiplicity of infection (MOI) of 100, or a combination of Lv/sh-Stat3 and Lv/sh-ADAM9 at an MOI of 100 (Lv/sh-Stat3 MOI, 50 and Lv/sh-ADAM9 MOI, 50), was added to the cells. Mock-infected A549 cells treated with PBS served as negative control. Following incubation for 3 days, the infected cells were observed under a fluorescence microscope (BX51; Olympus Corporation, Tokyo, Japan). The subsequent experiments were performed using viruses at the aforementioned MOIs, unless indicated otherwise.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. Following infection with the lentivirus constructs, total RNA was extracted from A549 cells 5 days later using TRIzol ® (Invitrogen, Thermo Fisher Scientific, Inc.). Complementary DNA was synthesized from total RNA using M-MLV Reverse Transcriptase (Promega Corporation, Madison, WI, USA) with random primers (Takara Bio), according to the manufacturer's protocol. RT-qPCR analysis was performed using SYBR ® Green PCR Master Mix Kit (Applied Biosystems, Thermo Fisher Scientific, Inc.) on CFX Connect™ Real-Time PCR Detection System (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The primer sequences utilized were as follows: Stat3 sense, 5'-ACC TGC AGC AAT ACC ATT GAC-3' and antisense, 5'-AAG GTG AGG GAC TCA ACTGC-3'; ADAM9 sense, 5'-TGT GGG AAC AGT GTG TTC AAGGA-3' and antisense, 5'-CCA ATT CAT GAG CAA CAA TGG AAG-3'; and β-actin sense, 5'-GTG GAC ATC CGC AAA GAC-3' and antisense, 5'-AAA GGG TGT AAC GCA ACTA-3' . Amplification of Stat3, ADAM9 and β-actin was performed with 1 cycle at 95˚C for 5 min, followed by 40 cycles of 95˚C for 15 sec and 58˚C for 60 sec. For relative quantification, 2 −ΔΔCq was calculated and used as an indication of the relative expression levels of Stat3 and ADAM9, which were calculated by subtracting the Cq values of the control gene (β-actin) from the Cq values of the Stat3 and ADAM9 genes.
Western blotting. A549 cells were collected 5 days following infection with the lentivirus constructs, and were subsequently lysed in radioimmunoprecipitation assay lysis buffer (Sigma-Aldrich). Protein concentrations were determined using Protein Assay Dye Reagent Concentrate (Bio-Rad Laboratories, Inc.). An identical quantity of protein (20 µg/lane) was next loaded into each lane and separated by 10-15% sodium dodecyl sulfate-polyacrylamide gel (Bio-Rad Laboratories, Inc.) electrophoresis, prior to being transferred to polyvinylidene difluoride membranes (Bio-Rad Laboratories, Inc.). Blocking was performed using 5% skimmed milk for 2 h at room temperature. The membranes were subsequently incubated overnight at 4˚C with the following antibodies: Monoclonal mouse anti-human Stat3 (cat. no. sc-8019; 1:2,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), monoclonal mouse anti-human ADAM9 (cat. no. sc-23290; 1:2,000; Santa Cruz Biotechnology, Inc.), monoclonal mouse anti-human matrix metalloproteinase (MMP)-2 (cat. no. 13132; 1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA) and monoclonal mouse anti-human MMP-9 (cat. no. sc-21773; 1:2,000; Santa Cruz Biotechnology, Inc.). Monoclonal mouse anti-human β-actin (cat. no. sc-47778; 1:10,000; Santa Cruz Biotechnology, Inc.) served as a loading control. Following washing with PBS with Tween 20 (Sigma-Aldrich) twice and incubation with goat anti-mouse horseradish peroxidase-conjugated IgG secondary antibody (cat. no. sc-2005; 1:5,000; Santa Cruz Biotechnology, Inc.) for 2 h at room temperature, the blotted proteins were detected using an enhanced chemiluminescence system (EMD Millipore, Billerica, MA, USA).
Cell proliferation assay. In order to measure the effect of the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 on cell proliferation in NSCLC cells, a cell proliferation assay was performed with Cell Counting Kit-8 (CCK-8) (Dojindo Molecular Technologies, Inc., Kumamoto, Japan). In brief, 1x10 5 A549 cells in serum-free DMEM were infected with Lv/sh-Stat3 or Lv/sh-ADAM9 at an MOI of 100, or underwent combined infection with Lv/sh-Stat3 and Lv/sh-ADAM9 at an MOI of 100 (Lv/sh-Stat3 MOI, 50 and Lv/sh-ADAM9 MOI, 50). The virus-containing medium was removed 8 h later and replaced with fresh DMEM medium containing 10% FBS. At 48 h post-infection, cell proliferation was measured by CCK-8 assay, according to the manufacturer's protocol. The experiment was performed ≥3 times, and similar results were achieved with each replicate.
Apoptosis analysis. In order to measure the effect of the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 on the apoptosis of A549 cells, a terminal deoxynucleotidyl transferase 2'-deoxyuridine, 5'-triphosphate nick end labeling (TUNEL) assay was performed. In brief, 1x10 4 A549 cells in serum-free DMEM were infected with Lv/sh-Stat3 or Lv/sh-ADAM9 at an MOI of 100, or underwent combined infection with Lv/sh-Stat3 and Lv/sh-ADAM9 at an MOI of 100 (Lv/sh-Stat3 MOI, 50 and Lv/sh-ADAM9 MOI, 50) for 48 h. Cellular DNA fragmentation was measured with 
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ApopTag ® Red In Situ Apoptosis Detection Kit (EMD Millipore), according to the manufacturer's protocol. In order to quantify the number of apoptotic cells, TUNEL + cells were counted using a confocal microscope (FV100; Olympus Corporation).
Furthermore, the activity of caspase-3, -8 and -9 was determined as an additional indicator of apoptosis, using the corresponding Caspase Colorimetric Protease Assay Kit (EMD Millipore), as previously described (24) . The relative caspase activity of the control group was normalized to 100.
Wound-healing assay. A wound-healing assay was performed to assess the effect of the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 on cell migration. Briefly, A549 cells infected with Lv/sh-Stat3 or Lv/sh-ADAM9 alone at an MOI of 100, A549 cells that had undergone combined infection with Lv/sh-Stat3 and Lv/sh-ADAM9 at an MOI of 100 (Lv/sh-Stat3 MOI, 50 and Lv/sh-ADAM9 MOI, 50) and untreated cells were incubated in 6-cm dishes, at a density of 1.5x10 6 cells/dish, and cultured for 24 h. A linear wound was then created by scratching the monolayer of confluent cells with a 100-µl pipette tip. The monolayer of scratched cells was next washed with phosphate-buffered saline (PBS), and 24 h later, the area of migration was evaluated under a light microscope (X51; Olympus Corporation). All experiments were performed in triplicate.
Transwell migration assay. Transwell migration chambers (8-µm pore filter; BD Biosciences, Franklin Lakes, NJ, USA) were coated with Matrigel™ Basement Membrane Matrix (BD Biosciences) and incubated at 37˚C for 4 h to allow solidification. Following 24-h incubation with Lv/sh-Stat3 and Lv/sh-ADAM9 alone or in combination, 2x10 5 A549 cells suspended in serum-free DMEM were added to the upper chamber, and DMEM containing 10% FBS was added to the lower chamber as a chemoattractant. Non-invading cells were gently removed 48 h later, using cotton swabs (Sigma-Aldrich), and invasive cells located on the lower surface of the chamber were then stained with 0.1% crystal violet (Sigma-Aldrich) dissolved in 20% methanol (Sigma-Aldrich). Cell invasiveness was determined by counting the number of penetrating cells in ten random high-power fields under a phase-contrast microscope (A19.2703; Nikon Corporation, Tokyo, Japan) at x200 magnification.
Tumor xenograft assay. A total of 50 male BALB/c nude mice (~6-week-old) were purchased from the Animal Center of Norman Bethune College of Medicine of Jilin University (Changchun, China). All animals were maintained in pathogen-free conditions at room temperature with free access to food and water and exposed to a 12 h light/dark cycle, in accordance with the protocols approved by the ethics committee of the Disease Model Research Center of Jilin University.
In vitro cultured A549 cells were harvested, and a tumorigenic dose of 2x10 6 cells was injected intraperitoneally into BALB/c mice. Tumor volume was calculated using the following formula: Volume = length x width 2 /2. When tumors reached an average volume of 110 mm 3 , the mice were randomly divided into control (untreated group), Lv/sh-Scramble, Lv/sh-Stat3, Lv/sh-ADAM9 and combined Lv/sh-Stat3 plus Lv/sh-ADAM9 groups (n = 10 mice/group). In the treated groups, the animals were injected once a week for 3 weeks with 5x10 8 plaque-forming units of Lv/sh-Scramble, Lv/sh-Stat3, Lv/sh-ADAM9 or combined Lv/sh-Stat3 and Lv/sh-ADAM9, diluted in 20 µl PBS. The control group was administered 20 µl PBS once a week for 3 weeks. Tumor volume was measured prior to injection, and at 7, 14 and 21 days post-injection. On day 21 of the treatment, the animals were sacrificed, and the tumors were resected and weighed. A sample of tumor tissue from each group was immediately fixed for TUNEL analysis, according to the manufacturer's protocol.
Statistical analysis. Data are expressed as the mean ± standard deviation. Statistical differences between groups were evaluated using analysis of variance, followed by Tukey's post hoc test. GraphPad Prism version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA) and SPSS ® version 19.0 (IBM SPSS, Armonk, NY, USA) for Windows ® 7.0 (Microsoft Corporation, Redmond, WA, USA) were used for statistical analyses. P<0.05 was considered to indicate a statistically significant difference.
Results

Combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 inhibits Stat3 and ADAM9 expression in A549 cells.
Lv/sh-Stat3 and Lv/sh-ADAM9, alone or in combination, were infected into A549 cells. At 5-days post-infection, the mRNA and protein expression levels of Stat3 and ADAM9 were determined using RT-qPCR and western blotting, respectively. The mRNA and protein expression levels of Stat3 were observed to be reduced in the Lv/sh-Stat3 and combined treatment groups, while the mRNA and protein expression levels of ADAM9 were reduced in the Lv/sh-ADAM9 and combined treatment groups, compared with the control and Lv/sh-Scramble groups (P<0.05; Fig. 1 ). These results suggested that the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 was able to specifically and significantly inhibit the expression of Stat3 and ADAM9 in A549 cells. The effects of the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 on the activity of caspase-3, -8 and -9 were analyzed in A549 cells. As revealed in Fig. 3B-D Subsequently, the ability of the Lv/sh-Stat3 plus Lv/sh-ADAM9 combined treatment to reduce the invasiveness of A549 cells was investigated by transwell assay. The invasion ability of A549 cells was significantly reduced in the Lv/sh-Stat3 and Lv/sh-ADAM9 alone treatment groups, compared with the control and Lv/sh-Scramble groups (P<0.05; Fig. 4B) . A synergistic inhibition of invasion was observed in A549 cells subjected to combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 (Fig. 4B) .
MMP-2 and MMP-9 participate in cell migration and invasion.
The protein expression levels of MMP-2 and MMP-9 in A549 cells infected with Lv/sh-Stat3 and Lv/sh-ADAM9, alone or in combination, were investigated by western blotting. The results revealed a marked reduction in the protein levels of MMP-2 and MMP-9 in A549 cells treated with Lv/sh-Stat3 or Lv/sh-ADAM9 alone, compared with the control and Lv/sh-Scramble groups (P<0.05; Fig. 4C and D) . 
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The group subjected to combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 displayed the most significant reduction in the expression levels of MMP-2 and MMP-9, compared with the groups subjected to treatment with Lv/sh-Stat3 or Lv/sh-ADAM9 alone (P<0.05; Fig. 4C and D) .
Combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 suppresses tumor growth in vivo.
In order to test the potential utility of combined Lv/sh-Stat3 and Lv/sh-ADAM9 gene therapy for the treatment of NSCLS, pre-established A549 xenograft tumors were treated for 21 days with Lv/sh-Stat3 and Lv/sh-ADAM9, alone or in combination. On day 7 following the termination of the treatment, the animals were sacrificed, and the volume and weight of the tumors were determined. The tumor volume in the Lv/sh-Stat3 and Lv/sh-ADAM9 groups was significantly reduced at various time points, compared with the Lv/sh-Scramble and PBS control groups (P<0.05; Fig. 5A and B) . The combined treatment group displayed a significant reduction in tumor volume, compared with the Lv/sh-Stat3 alone and the Lv/sh-ADAM9 alone groups (P<0.05; Fig. 5B ). In addition, the tumor weight was reduced following treatment with Lv/sh-Stat3 or Lv/sh-ADAM9 alone (P<0.05), compared with tumors treated with Lv/sh-Scramble ( Fig. 5A and C) . Notably, the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 was more effective than the treatment with Lv/sh-Stat3 or Lv/sh-ADAM9 alone at an identical total dose of virus (P<0.05; Fig. 5A and C) . Furthermore, the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 exerted an effect on tumor tissue cell apoptosis in vivo, as determined by TUNEL assay. As revealed in Fig. 5D , low levels of apoptosis were detected in the control and Lv/sh-Scramble groups, and a small number of apoptotic cells was observed in the Lv/sh-Stat3 alone and Lv/sh-ADAM9 alone groups, while significantly increased apoptosis was noticed in A549 cells following combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 (P<0.05; Fig. 5D ). These results indicate that the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 
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was able to suppress tumor growth of NSCLC in mouse models.
Discussion
It has been previously proposed that gene therapy targeting human Stat3 or ADAM9 alone may inhibit tumor growth (21, 23) . However, to the best of our knowledge, the present study is the first report demonstrating that combined RNAi gene therapy targeting simultaneously human Stat3 and ADAM9 in NSCLC cells may lead to synergistic effects on cell proliferation and apoptosis in vitro. The most notable finding of the present study is that the majority of mice injected with NSCLC cells that received combined RNAi gene therapy targeting human Stat3 and ADAM9 experienced tumor growth inhibition. Therefore, this approach represents a novel strategy for the treatment of NSCLC, which, if adopted in clinics, may improve the therapeutic outcome of patients with NSCLC. The development and progression of cancer involves multiple genes and factors (25) . Therefore, targeting a number of genes simultaneously via combined treatment may be more effective for inhibiting cancer growth than targeting individual genes (24, (26) (27) (28) (29) . Hu et al (30) reported a considerable additive effect in tumor growth inhibition of hepatocellular carcinoma following combined RNAi gene therapy targeting human telomerase reverse transcriptase and epidermal growth factor receptor with pegylated immuno-lipopolyplexes as a gene carrier. Chen et al (31) identified that combined molecular-targeted repression of the cyclin D1 and B cell lymphoma (Bcl)-xL genes demonstrated increased effectiveness as a therapeutic strategy for the treatment of NSCLC in terms of promoting cell apoptosis and reducing cell proliferation, compared with the downregulation of cyclin D1 or Bcl-xL alone. Lai et al (32) identified that combined treatment with aptamer nucleic acid (aptNCL)-SLUGsiRNA and aptNCL-neuropilin 1siRNA was able to synergistically suppress lung cancer cell invasion, tumor growth and angiogenesis, via cancer-specific targeting combined with gene-specific silencing. Similarly, the results of the present study revealed that combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 was able to significantly inhibit the growth of NSCLC tumors in vitro and in vivo.
Metastasis is a major cause of morbidity and mortality in cancer (33) . The process of tumor metastasis is complex and involves a series of events, including epithelial-mesenchymal transition, cancer cell migration, invasion, intravasation into the systemic circulation and subsequent adhesion to endothelial cells, followed by extravasation, colonization of distant organs and induction of angiogenesis (34) . These consecutive events result in alterations in a large number of genes and signaling pathways (35) . ADAM9, a member of the ADAM family, appears to be involved in lung cancer progression and metastasis (19, 20) . A previous study demonstrated that the downregulation of endogenous ADAM9 by RNAi was capable of inhibiting adenoid cystic carcinoma cell growth and metastasis in vitro and in vivo (20) . In addition, previous studies have confirmed that Stat3 is involved in cancer migration and invasion, and blocking the activity of Stat3 has been observed to inhibit cancer cell migration and invasion (6-16). The results of the aforementioned studies suggest that gene therapy targeting human Stat3 or ADAM9 alone may be able to inhibit cancer cell migration and invasion. However, to the best of our knowledge, the present study constitutes the first report to demonstrate that the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 exerted an additive effect on the inhibition of NSCLC cell migration and invasion.
In conclusion, the present study provides evidence that the combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 in A549 cells is able to inhibit cell proliferation, migration and invasion, and induce cell apoptosis in vitro. In addition, the present study demonstrated that combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 was able to synergistically suppress the growth of tumors in mouse models. Therefore, the results of the present study suggest that combined treatment with Lv/sh-Stat3 and Lv/sh-ADAM9 may be a novel and effective therapeutic strategy for the treatment of human lung cancer.
